We report the results of our systematic survey for Galactic 6.7 GHz Class II CH 3 OH maser emission toward a sample of young stellar objects. The survey was conducted with the Shanghai Tianma Radio Telescope (TMRT). The sample consists of 3348 sources selected from the all-sky Wide-Field Infrared Survey Explorer (WISE) point source catalog. We have discussed the selection criteria in detail and the detection results of those at high Galactic latitudes (i.e. |b| > 2
Class I methanol masers (e.g., transitions at 44 GHz and 95 GHz) which are pumped by collision excitation at different positions separated by ∼1 pc from high-mass young stellar objects (YSOs, Voronkov et al. 2010 , Class II methanol masers, pumped by infrared radiation, are commonly found close to YSOs ). The 5 1 → 6 0 A + 6.7 GHz methanol maser is a well-known Class II methanol maser. It is widespread in the Milky Way and is the second strongest known maser, only exceeded by the 22 GHz water maser (Menten 1991) . Different from other species of masers (OH, H 2 O and SiO masers), the 6.7 GHz CH 3 OH maser is exclusively associated with massive star-forming regions (Minier et al. 2003; Ellingsen 2006; Xu et al. 2008) , making it an excellent tool for studying massive star-forming regions (e.g. ). In addition, the VLBI astrometry of the 6.7 GHz methanol maser can obtain the model-independent distance measurements for the study on the structures of our Galaxy (Reid et al. 2009) .
Methanol masers at the 6.7 GHz transition have been detected towards more than 1,000 sources to date. Many surveys, including unbiased surveys and targeted surveys, have been conducted to search for the 6.7 GHz methanol maser (e.g. MacLeod et al. 1992; Caswell et al. 1995a; Ellingsen et al. 1996; van der Walt et al. 1996; Walsh et al. 1997; . As an unbiased survey, the Parkes Methanol Multibeam (MMB) Survey of a region of 186
• < |l| < 60
• and |b| < 2 • Caswell et al. 2011; Green et al. 2012; Breen et al. 2015) detected 954 sources, including 344 new detections.
Since 2015, we have performed a systematic 6.7 GHz Class II methanol maser survey toward targets selected from the all-sky Wide-Field Infrared Survey Explorer (WISE) point source catalog. This WISE point catalogue is a relatively new database and covers the entire sky (Wright et al. 2010) , which makes it ahead of several other infrared surveys and best candidate for us to construct a targeted sample. Our survey was conducted with the Shanghai Tianma Radio Telescope (TMRT). In a previous paper (Yang et al. 2017 , hereafter Paper I), we reported the survey results for the selected sources at high Galactic latitude (|b| > 2 • ); there are 3 new sources among the 12 detected sources. Here we present the remaining 6.7 GHz methanol maser survey results for those at low Galactic latitudes (|b| < 2
• ). We briefly describe the sample and observations in Section 2. The results are presented in Section 3, followed by discussions in Section 4 and a summary in Section 5.
Sample and Observations
The sample selection is fully detailed in Paper I. Here, we just recap some key points in constructing the sample from the WISE point catalog. We first pick out 473 WISE point sources which are associated with the MMB 6.7 GHz methanol maser catalog sources, with all the magnitudes available in the 4 WISE-bands. Because 265 sources from Breen et al. (2015) in the region of 20
• < |l| < 60 • and |b| < 2 • were not published at that time, the MMB 6. Applying these selection criteria to the all-sky WISE catalog, we found about 13,000 candidate WISE sources that may be associated with CH 3 OH masers. After excluding those already detected in the Parkes MMB survey region (186
, we finally built up a sample of 3348 WISE sources with declination above −30
• . The sample can be divided into 2 sub-samples. One sub-sample includes 1473 sources which locate at high Galactic latitude region with |b| > 2
• , and the results of the 6.7 GHz methanol survey have been published in Paper I. The other sub-sample consists of 1873 sources, which are located at the low Galactic latitude region with |b| < 2
• (Table 1) .
We performed this 6.7 GHz methanol maser survey at low Galactic latitudes between 2016 June and 2018 January with the TMRT. The TMRT is a newly built and fully steerable radio telescope with a diameter of 65 m in Shanghai, China. A cryogenically cooled C-band receiver with a frequency range of 4−8 GHz and the Digital Backend System (DIBAS) were used to record signals. A spectral window of a bandwidth of 23.4 MHz was used to cover the rest frequency of the CH 3 OH maser line, 6.6685192 GHz. This window has 16,384 channels with a spectral resolution of 1.431 kHz (or a velocity resolution is about 0.09 km s −1 ). The system temperature is 20−30 K and the aperture efficiency of the TMRT is ∼ 55%, resulting in a sensitivity of 1.5 Jy K −1 . The beam size is ∼ 3 (HPBW) at the frequency of 6.7 GHz.
In our observations, position-switching mode was used and each source was observed in two ON−OFF cycles, with each cycle of 4 minutes. The OFF position was set to (0.0
• , −0.4 • ) from the ON position in (R.A., decl.). We observed W3(OH) and NGC7538 as flux density calibrators with an uncertainty of less than 20%.
The GILDAS/CLASS package was used to conduct the data reduction. We fitted and subtracted the linear baseline of the spectrum. The root-mean-square (rms) noise is about 50−80 mJy.
For those detected methanol maser sources with a wide velocity range of >30 km s −1 (eight in total, see Section 3), we further carried out the on-the-fly (OTF) (Dong et al. 2016 (Dong et al. , 2018a mapping observation to determine positions of separated CH 3 OH masers (see Section 3.2).
Results
Single point observations with the TMRT detected 291 sources with the 6.7 GHz CH 3 OH maser emission. In our survey, eight sources (G28.287−0.348, G30.788+0.203, G30.789+0.232, G30.823+0.134, G31.221+0.020, G31.253+0.003, G33.092−0.073, and G33.143−0.088) have a wide velocity range of >30 km s −1 with methanol spectral features clearly separated. We further conducted OTF observations towards these sources to determine the maser positions of the different emission shown in their spectra. Results from the single point observations are described in Section 3.1, and the OTF observations in Section 3.2.
Detections from the single-point observations
In total, TMRT survey of those at low Galactic latitudes detected 6.7 GHz CH 3 OH masers from 291 positions which are actually from 224 sources because some close positions show similar methanol spectral features and thus are identified with a same origin. Comparison with previous surveys showed that 32 sources are newly detected. Figure 1 displays the spectra of these newlyidentified CH 3 OH masers and their properties are detailed in Table 2 . The spectra and properties of previously detected sources (192 in total) are shown in Figure 2 and Table 3 , respectively.
For the eight sources from our survey with a very wide velocity range (>30 km s −1 , see above), we can clearly see that the left and right parts of their spectra locate at separated positions from different regions after taking our OTF observation into account (see Section 3.2), so we only discuss their separated parts instead of their whole spectra and we name the different part of their spectra by adding the position in the spectra after their Galactic coordinate as one source, like G31.221+0.020(Left).
Each velocity component of the 6.7 GHz CH 3 OH maser usually has a velocity range of 0.1−3 km s −1 (Bartkiewicz et al. 2016) , so sources showing wide velocity ranges may have more components. The smallest velocity range of the detected sources is 0.47 km s −1 (G43.089−0.011 and G75.010+0.274) with a single feature while the largest is 24.4 km s −1 (G43.148+0.013). The median velocity range is 5.5 km s −1 and 11 sources have a velocity range larger than 16 km s −1 .
The median peak flux density of our 224 detected sources is 3.0 Jy. G23.010−0.410 has the strongest peak flux density of 406.2 Jy. The weakest peak flux density is 0.23 Jy from source G30.980+0.216. There are 36 sources having a peak flux density higher than 20 Jy and 59 sources with a peak flux density lower than 1.0 Jy. Among the 32 newly detected sources, the strongest source is G82.308+0.729 and the weakest source is G25.177+0.211 with a peak flux density of 58.4 and 0.31 Jy, respectively. Most of them (28/32) have a peak flux density lower than 2.0 Jy.
Among the 192 previously detected sources, 167 sources were detected by the Parkes MMB survey (Breen et al. 2015) . The remaining 25 sources were detected by other surveys. Since our observations were conducted with the single-dish telescope, the positions are not exactly same as the previous detections. Thus, we only present the information on the variations of their spectral profiles. The details of their spectral profile changes are listed in Table 4 .
Maser positions determined from the OTF observations
Eight sources (described above in Section 3.1) show a wide velocity range in their methanol spectra, we observed them with the OTF mode in order to figure out the maser distribution due to their obviously separated spectral features in left and right parts. Among them, the left and right parts of G30.788+0.203 and G30.789+0.232, G31.221+0.020 and G31.253+0.003, G33.092−0.073 and G33.143−0.088 share similar features respectively, so we observed toward five positions with the OTF observations. The center coordinates and the side length of the square regions chosen for the OTF observations towards five positions are listed in Table 5 . We also list the maser positions determined from the OTF mapping observations in each region along with the positional offset of associated MMB sources decided by ATCA in Table 5 . Taking the pointing error of TMRT (∼10 ) and the fitting error from the OTF observation (∼10 ) into consideration, our TMRT OTF observations have a positional accuracy better than 20 . Comparing with the positions determined by the ATCA observations, we found that the positional accuracy achieved from our TMRT OTF observations is better than 10 towards six sources (see Table 5 ). The other three maser sources show larger position offsets (10 ∼ 20 ) with regard to the ATCA measurements, but this is consistent with the estimated positional accuracy of less than 20 from the TMRT OTF mapping observations. Figure 3 shows the velocity-integrated intensity map from the OTF observation. We can see that the left and right parts (middle parts) of each source are all from two (three) different positions and we will discuss them as different sources.
Discussions

Newly detected sources
Although the Parkes MMB survey is an unbiased survey, we still detected 18 new sources towards the MMB region (20
• ) also covered by the MMB survey. The variability of the 6.7 GHz methanol masers may contribute to the new detections. Several proposed mechanisms may explain its variability: (i) pulsation of a young high-mass star (Inayoshi et al. 2013; Sanna et al. 2015) , (ii) rotating spiral shocks from hot and dense material in the central gap of the circumbinary accretion disc (Parfenov & Sobolev 2014), (iii) periodic accretion of a protostar or accretion disc (Araya et al. 2010) , (iv) a colliding-wind binary (CWB) system (van der Walt et al. 2009 (van der Walt et al. , 2016 , (v) an eclipsing binary (Maswanganye et al. 2015) . Recently, there are several luminous bursts in high-mass star formation (e.g. Caratti o Garatti et al. 2017; Hunter et al. 2017 Hunter et al. , 2018 Szymczak et al. 2018 ), episodic accretion due to disk fragmentation (Meyer et al. 2017 ) may be a dominant mechanism for such bursts. Notably, the spectral profile of the 6.7 GHz CH 3 OH maser can even change in a timescale of a few days (Caswell et al. 1995b ). In addition, these new sources may also be due to a better sensitivity of the TMRT survey with a rms noise of 0.05 Jy compared to a typical rms noise level of 0.07 Jy in the MMB survey and 0.06 Jy to 4 Jy of other previous surveys.
For the 32 newly detected sources, we show their infrared WISE three-color images in Fig The ATLASGAL (APEX Telescope Large Area Survey of the Galaxy) survey imaged the Galactic plane in a region of −60
• < |l| < 60 • and |b| < 1.5
• at 870 µm with the APEX Telescope in its first step (Schuller et al. 2009 ). Urquhart et al. (2014) combined the ATLASGAL survey and the Red Midcourse Space Experiment Source (RMS) surveys, and identified a sample which contains ∼ 1300 clumps associated with ∼ 1700 embedded massive young protostars. We have 18 maser sources located in the overlapped region of 20
• < |l| < 60 • , |b| < 1.5
• from the 32 newly detected sources. Among these 18 sources, 12 sources have been found to be associated clumps (see Table 2 ). After excluding extended emission with a multiscale decomposition tool and using a Gaussian source-fitting algorithm (MRE-GCL), identified 10861 compact submillimeter sources also from the ATLASGAL survey in the region of |l| < 60
• , |b| < 1.5
• and −80
• . 14 sources are found associated sources among the 18 sources. In addition to this, Urquhart et al. (2013) presented a sample of molecular clumps containing compact and ultracompact H II regions in the area of 10
• by combining the ATLASGAL survey and the CORNISH (Co-Ordinated Radio 'N' Infrared Survey for High-mass star formation) project. But we have not found any associated regions. There have been many surveys conducted by the Very Large Array (VLA) at 6cm (Law et al. 2008; ) searching for compact sources, and several observations conducted by the Atacama Large Millimetre/submllimetre Array (ALMA) towards the sources from the ATLASGAL survey which are considered to be young massive clumps (Chibueze et al. 2017; Csengeri et al. 2017a Csengeri et al. ,b, 2018 ), but we have not found sources associated with the sources we newly detected. In conclusion, our newly detected sources may be in the early evolutionary stage of star-formation, and the successive observation of their variation will also give us a better understanding of this period of star forming.
Detection rate versus Galactic longitude and WISE color
Detection rate
In our survey, a detection rate of 224/1875 = 11.9% was achieved towards the WISE−selected sources with magnitudes and colors described in Section 2. We can derive an expected detection rate using the methanol maser and WISE-selected source data in the MMB survey region. For a singe dish survey, such as the Parkes MMB survey, any targets that lie within the FWHM of the telescope could be detected by a single point observation. Moreover, since the complicated background emission around the Galactic center might affect WISE source selection, we exclude the WISE sources towards the Galactic center region with |l| < 10
• . As such, the number of selected WISE sources is about 3,700 in the above-mentioned MMB survey region (186
• , and without the Galactic center) after taking the beam coverage factor into account. Within such a region, there are 280 CH 3 OH maser sources detected by the MMB survey which meet the WISE selection criteria, while the total number of the 6.7 GHz CH 3 OH maser sources which have WISE sources with 4-band flux density measurements is 388. The total number of the 6.7 GHz CH 3 OH masers in this region is 528. Thus we can derive a detection rate of 280/3700 × 528/388 = 10.3% towards the WISE sources with the criteria. Therefore, the actual detection rate (11.9%) in our survey is quite consistent with the expected rate (10.3%) using the blind MMB survey data.
Our survey and the Parkes MMB survey have an overlap region, 20
• < |l| < 60 • , |b| < 2 • . The Parkes MMB survey detected 265 sources in this region. Among the 189 sources we detected in this region, there are 167 sources associated with MMB detections. From our sample selection in Paper I, almost all (96%) of the known methanol masers meet the magnitude criteria and 73% of the them meet the color criteria, the proportion of our detected sources that are associated with MMB sources in the MMB sources is 96% × 73% = 70.1%. The true rate is 167/265 = 63.0% which is less than the estimated rate. 22 new sources we detect are mainly due to our better sensitivity. If considering these 22 sources, the actual detection rate will be 189/265 = 71.3%, which is well consistent with the estimated rate.
Detection rate versus Galactic longitude
To investigate the relationship between the detection rate and Galactic longitude distribution of our survey, we divided our 1875 sample sources and 224 detected CH 3 OH masers along their Galactic longitudes and calculated the detection rate every 5
• bin of longitude. A histogram of sample source number and detection number are shown in the upper panel of Figure 5 . The corresponding detection rate is given in the lower panel of Figure 5 . Overall, it is clearly seen that the detection rate of methanol maser decreases with the Galactic longitude from 20
• to 180
• . The sources in the Galactic center region of 20
• − 40
• are located in the 1st Quad molecular cloud where the inner spiral arms lie on (Dame et al. 2001) , thus having strong star formation activity and near distance will result in high appearance chance of methanol maser. The number becomes much lower in other regions. The Cygnus X and Cas A molecular clouds around the Galactic longitude of 80
• and 110
• contribute to the appearance of several methanol sources and the increase of the detection rate. These all show that the detection rate and the distribution of CH 3 OH maser sources are both in good agreement with the presence of molecular clouds where high mass starforming regions rise. Due to the small number of sample sources at Galactic longitude of >120
• , we do not discuss the detection rate.
Detection rate versus WISE color
Since our sample sources are selected with a certain criteria of the WISE color, Figure 6 . From the distribution of the black dots (sample sources) and the red dots (detected sources), we found they almost share the similar infrared characteristic. In order to study their infrared environment of our detected sources, the numbers of sample sources and detected sources and detection rate along every 0.2 color are shown in the lower panels of Fig 
Galactic distribution
Our detection
The Galactic latitude distribution of our detected 224 sources is shown in Figure 7 . Because the region of 186
• ≤ l ≤ 20 • had been included by the Parkes MMB survey before our sample selection, we observed the rest region with 20
• < |l| < 186 • and |b| < 2 • . Most of the detected sources, 208/224 = 92.9%, locate at regions of |b| < 1
• . Only 16 sources have a Galactic latitude larger than 1
• . Among them, 3 sources (G84.193+1.439, G89.930+1.669 and G99.070+1.200) are newly detected. In the MMB survey, there are 893/954 = 93.6% sources with a Galactic latitude of |b| < 1
• , which is consistent with our survey.
The LSR velocities of our detected sources versus Galactic longitude are shown in Figure  8 (middle, blue and red dots). As 6.7 GHz methanol maser is only associated with high-mass star-forming regions and thus is a good tracer of spiral structures in the Milky Way (Reid et al. 2014 (Reid et al. , 2016 , the detected sources can be derived from different spiral arms. After combining the estimated kinematic distances derived from the Galactic rotation model in Reid et al. (2014), we found that sources in the 20
• − 60
• longitude region have positive LSR velocities and they are mostly stay on the spiral arms of Perseus, Carina-Sagittarius, Crux-Scutum and Norma. According to the estimated distances, the positions of these detected sources are plotted in Figure 9 . Sources in the 60
• − 186
• longitude region mostly have negative LSR velocities and they are mainly locate on the spiral arms of Perseus and Norma.
All known 6.7 GHz methanol maser sources
Many Galactic 6.7 GHz CH 3 OH maser surveys have been conducted in the last 20 years. By combining survey results from the literature (Pestalozzi et al. 2005; Pandian et al. 2007; Xu et al. 2008; Cyganowski et al. 2009; Caswell et al. 2010 Caswell et al. , 2011 Green et al. , 2012 Szymczak et al. 2012; Olmi et al. 2014; Breen et al. 2015; Yang et al. 2017 ), we compiled a catalogue of 1085 sources at 6.7 GHz Class II CH 3 OH masers (Table 6) . Their galactic distribution, LSR velocity as a function of Galactic longitude, and the source number count as a function of Galactic latitude and longitude are presented in Figure 8 . Among these 1085 6.7 GHz methanol masers, there are 404 sources located in the 0
• longitude region, and 407 in the opposite longitude 320
As a result, most of the 6.7 GHz methanol masers, 811/1085 = 74.7%, are located in the above two regions and the maser distribution is the most abundance in the regions. From the distribution of the LSR velocity versus Galactic longitude in Fig. 8 (middle) , we find that most of the sources within the 0
• longitude region show positive velocities and most sources in the −40 • − 0 • longitude region have negative velocities. Sources in these two regions show peak velocities at Galactic longitude of ∼30
• and ∼−30
• , respectively. These two opposite Galactic longitude regions locate near the Galactic center including the inner and the most compact parts of some main spiral arms in our Galaxy. Sources with the peak velocity at Galactic longitude of ∼30
• locate on the Crux-Scutum arm and Norma arm, respectively. The peak may trace the interacting region of the Galactic bar and the Crux-Scutum arm and Norma arms. Due to the 344 newly detected sources in the Parkes MMB survey Caswell et al. 2011; Green et al. 2012; Breen et al. 2015) , there are now more sources in the Galactic region of −20
• − 20
• , compared to the Galactic longitude distribution in Pestalozzi et al. (2005) .
Most of the known 6.7 GHz methanol masers (1068/1085=98.4%) are located in the regions of |b| < 2
• , and they are mostly found around |b| < 1
• , revealing that 6.7 GHz methanol masers prefer to being associated with the star formation in the Galactic Plane. Besides the previous surveys were mostly conducted towards the Galactic Plane, the star forming cluster environment is much more complicated at low latitudes, hence much more gases and dusts which are essential for star-forming activity. Therefore, it should be the case that the most 6.7 GHz CH 3 OH masers are located at low latitudes around the Galactic Plane. We simulated a Gaussian fit with an FWHM of 0.56
• to the Galactic latitude distribution of methanol masers, which is consistent with the Gaussian fit with an FWHM of 0.52
• in Pestalozzi et al. (2005) .
Summary
With the newly built TMRT, we performed a systematic survey of 6.7 GHz CH 3 OH masers towards 1875 sources at low Galactic latitudes (|b| < 2
• ). These sources are selected from the all-sky WISE point catalog with a certain criteria of magnitude and color. There are 32 new detections among 224 detected sources. Their spectra have peak flux densities of 0.23 Jy to 406.2 Jy and their velocity ranges have a range of 0.47 km s −1 to 24.4 km s −1 . The source number along the Galactic latitude shows that most of them are located at even lower Galactic latitude, |b| < 1
• . Their distribution and LSR velocities are associated with the presence of spiral arms and molecular clouds. The detection rates along the Galactic longitude and color meet our anticipation. We also present a compiled catalog containing all 1085 6.7 GHz methanol masers known to date. 
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(10) Note. -Column 1: source name; Columns 2 -3: the targeted positions for the TMRT observations; Column 4: the velocity interval of the maser emission; Column 5: the velocity of peak emission; Column 6: the peak flux density; Column 7: the integrated flux density; Column 8: the epoch of observation; Column 9: estimated kinematic distances by using the Galactic rotation model (http://bessel.vlbi-astrometry.org/bayesian); Column 10: whether the spectra of the sources only have one feature? Y: yes; N: no; Column 11: name of associated source in Urquhart et al. (2014); .
Note. -Column 1: source name; Columns 2 -3: targeted positions for the TMRT observations; Column 4: velocity interval of the maser emission; Column 5: velocity of the peak emission; Column 6: peak flux density; Column 7: integrated flux density; Column 8: epoch of observation; Column 9: estimated kinematic distance by using the Galactic rotation model (Reid et al. 2009 (Reid et al. , 2014 , http://bessel.vlbi-astrometry.org/bayesian); Column 10: the discovery references Parkes (Breen et al. 2015) , Szy12 (Szymczak et al. 2012 ).
Note. - Table 3 is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance regarding its form and content. Table 4 . Comparison between the spectral profiles of our survey and the previous surveys. Note. -Column 1: source name in our survey; Columns 2: source name in the previous detected surveys; Column 3: the discovery references Parkes (Breen et al. 2015) , Szy12 (Szymczak et al. 2012) ; Column 4: notes about the comparison between the spectral profiles of our survey and the previous surveys. 
